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ABSTRACT
We have created a digital spectral library, using low resolution optical spectra, of
photometric and spectral standard stars. The data were acquired using the Cassegrain
Spectrograph installed on the 1.9m Radcliffe telescope at the South African Astronom-
ical Observatory. The library consists of optical wavelength (≃ 3500−7500A˚) spectra
for main sequence and giant stars encompassing those most commonly observed in the
Galaxy, namely the late-B, A-, F-, G-, K-, and early- to mid-M stars. We intend that
our standard star spectra will be especially useful for spectral classification of stars
in the field and Galactic clusters alike, and will have high pedagogic value when in-
cluded into representative Introductory Astronomy or Stellar Astronomy curricula for
undergraduate astronomy major and minor programs.
We exploit the spectral library in order to derive spectral types for seventy-six op-
tically and X-ray selected members of the young open cluster ngc 6475. Comparison
of spectral-type, optical and infrared photometric data to theoretical colors derived
from spectral type show that the reddening of the cluster is E(B−V ) = 0.068 ± 0.012
(1σ=0.058), a vector consistent with earlier surveys. Our analysis also highlights the
utility of such spectra in rejecting cluster non-members, thereby allowing the creation
of a clean sample of bona fide cluster members for follow-up science observations.
Subject headings: Astronomical Instrumentation: South African Astronomical Obser-
vatory 1.9m Radcliffe Telescope – Astronomical Instrumentation: Cassegrain Spectro-
graph – Astrophysical Data – Star Clusters and Associations: NGC 6475
1. Introduction
Exploiting low resolution optical spectra can be a powerful tool in establishing fundamental
properties of celestial objects of astrophysical interest. This is facilitated by the fact that low
resolution spectra are oftentimes easy to acquire and reduce, yield much higher count-rates per
unit time than higher resolution spectra and the nature of the celestial object can readily be
established without substantial post-reduction analysis. The scientific domain that such spectra
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engage is broad, and includes for instance, the determination of redshifts for extra-Galactic objects
(e.g., Folkes et al. 1999; Doroshkevich et al. 2004), producing reddening maps of young star
formation regions (e.g., James et al. 2006; James et al. 2013), identifying magnetically active
solar-type stars (e.g., Mart´ın et al. 1998; Jeffries et al. 1996) and classifying the nature of very red
objects in near-IR photometric surveys (eg., Kirkpatrick et al. 1999; Allende Prieto et al. 2004).
In today’s golden era of large-scale, multi-filter, wide-field synoptic photometric surveys (e.g.,
The Sloan Digital Sky Survey [sdss - Castander 1998]; The Dark Energy Survey [des - Abbott
et al. 2005]; Vista variables in the Via Lactea [vvv - Minniti et al. 2006]), and those to follow
in the near-to-mid future (e.g., The Large Synoptic Survey Telescope project [lsst] - Ivezic et
al. 2008), the roˆle of single- and multi-object low resolution spectrographs is crucial, and is very
well defined. In what essentially serves as a classification engine for these synoptic surveys, low
resolution spectroscopy allows for quick and easy transient source identification, as well as for
spectroscopic calibration of photometrically determined redshifts (so-called photo-z redshifts) for
extra-Galactic sources. Modulo, a next-generation project for follow-up spectroscopy of synoptic
survey transient sources has recently been proposed for possible future operation on the Cerro
Tololo InterAmerican Observatory’s [ctio] Blanco 4m telescope, the Dark Energy Spectrometer
[despec - Abdalla et al. (2012)], and would serve as a natural segue from the now-active Dark
Energy Survey.
Many previous compilations and libraries of stellar spectra in the optical and near-infrared
exist,1 of differing qualities and spectral resolutions, however until recently, few were digitally
available. The excellent compilations of Montes et al. (1997), Bochanski et al. (2006), and
Lebzelter et al. (2012) are fine examples of online libraries now available, where each manuscript
presents a fine historical overview of pre-internet spectral-type surveys.
The driving force behind our project, and this manuscript, is to provide a library of low
resolution standard star spectra, in both print and digital format, for main sequence and giant
stars covering the gamut of the most commonly observed types of stars in the Galaxy, namely the
late-B, A-, F-, G-, K-, and early- to mid-M stars. Our standard star spectra will be especially
useful for spectral classification of stars in the field and Galactic clusters alike, and are highly
didactic when introduced, for instance, into the curricula of Introductory Astronomy type classes
for astronomy major and minor undergraduates.
We herein present low-resolution spectra, totaling eighty-three (83) stars, for a sample of
photometric and spectral-type standard stars, covering a large swathe (3500-7500A˚) of the optical
wavelength region, approximately corresponding to bandpasses of the Johnson-Cousins B-, V- and
R-filters (Bessell 1990). Details of the observations and data analysis are presented in § 2, while
a description of the spectral library is addressed in § 3, together with commentary for a handful
of special cases. In an appendix, we further use our spectral library to derive spectral types for
1e.g., http://www.ucm.es/info/Astrof/invest/actividad/spectra.html
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photometrically and X-ray selected stars in the vicinity of the young open cluster NGC 6475,
in order to establish a sample of bona fide cluster members for follow-up study. Our analysis
highlights the utility of such spectra in rejecting cluster non-members and establishing reddening
vectors, leading to a reddening map, for genuine cluster members.
2. Observations and Data Reduction
Low resolution, single-order spectroscopy has been obtained for eighty three bright standard
stars, having well-established extant spectral types and luminosities, during the period 29 June -
12 July 1999, using the 1.9 m Radcliffe telescope at the South African Astronomical Observatory
[saao], Sutherland, South Africa. The saao observations were performed using the Cassegrain
spectrograph, a 300 line mm−1 grating blazed at 4600A˚ (saao #7) used in first order, a 1.8-
arcsecond slit width and a 15-micron pixel, 266 × 1798 site ccd in 2x1 binning mode, as the
detector. This set-up yielded a three-pixel spectral resolution of ∼ 7A˚ at 5500A˚, R≃800, and a
spectral range of ∼ 3550 − 7550A˚. A full mass and luminosity range of photometric and spectral
standard stars (B2−M6; luminosities I−V; Garcia 1989; Keenan & McNeil 1989; Keenan & Pitts
1980; Kilkenny & Cousins 1995; Menzies & Laing 1988; Morgan & Keenan 1973; Vogt, Geisse &
Rojas 1981) were observed with the same instrumental set-up as used for the ngc 6475 target
stars. An observing log of our saao spectroscopic observations of standard stars is presented in
Table 1.
Standard data reduction techniques (de-biasing and overscan subtraction) were employed on
raw ccd frames using routines in the Starlink2 data reduction algorithm suite. Flat-fielding of the
bias-subtracted spectra was achieved using a balance frame created from a median series of quartz
lamp exposures. Spectra were extracted using an optimal extraction algorithm (Horne 1986), with
local background sky subtraction. Wavelength calibration was achieved by reference to ThAr arc
lamp spectra bracketing target spectra. Wavelength calibrated, extracted spectra were trimmed to
a spectral window of 3640 − 7500A˚, and normalized using spline3 polynomials fits, ranging from
5th to 15th order depending on spectral type and luminosity.
While we do not feel that the entire spectral library is suitable for flux calibration purposes
due to the relatively narrow slit used, the inhomogeneity of sky conditions over the course of the
observing run, and the need for neutral density filters for the brighter objects in the sample, we
provide flux calibration for sample spectra acquired during the UT19990702 observing night. Flux
calibration using dedicated Starlink software routines was performed on the extracted spectra, re-
binned to a logarithmic wavelength scale (i.e., constant velocity steps) and converted into flux
units of counts per second. These spectra were subsequently corrected for atmospheric extinction
2http://starlink.jach.hawaii.edu/starlink
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at the Sutherland site of the saao using recently updated relations3 fit to the Spencer Jones (1980)
study. Extinction corrected count rates were converted to flux (in Janskys) by comparison to a
spectrum of the spectrophotometric flux standard star LTT 7379 and its tabulated fluxes from
Stone & Baldwin (1983). Finally, fluxed spectra were transformed to units of ergs s−1 cm−2 A˚−1.
3. The Spectral Library Sample
Our sample of photometric and spectral-type standard stars was selected from several disparate
sources, where the primary criteria for observation were for each star to have a known and well-
established spectral-type as well as stable optical photometry. Each star was chosen from sets of
E- and F-region photometric standard stars (Vogt et al. 1981, Menzies & Laing 1988, Kilkenny
& Cousins 1995) and the Garcia (1989) collation of MK standard stars. A full listing of spectral
type, special physical properties and optical UBV(RI)c photometry for each star in the spectral
library is presented in Table 2, where data references for each spectral-type are shown in columns 4
& 10. For completeness, we also include a table of near-infrared 2mass jhk photometry for each
star in Table 3, although we note that there are problematic error codes for about two-thirds of
the sample, mostly associated with their extreme brightness for that survey.
A priori, none of the stars was checked for signatures of magnetic activity, which for a set of
photometric-invariant field stars in the Galaxy, should reveal that most objects are chromospher-
ically and coronally inactive. For each star in Table 2, physical property comments (in column 2)
show that this supposition is generally correct, whereby only thirteen stars have rosat All Sky
Survey [rass] detections. Moreover, very few stars, three late-M dwarfs and one Be star, show
evidence of Hα in emission, which for later-type stars is typically associated with magnetic field-
induced chromospheric emission. A handful of stars are multiples (visual or spectroscopic doubles,
and one triple), which for the majority of them should not affect their spectral type determination
(for instance, we were careful to avoid having visual double companions on the spectrograph slit
together with the primary target). Six stars in the library have been shown, or are postulated, to
exhibit signatures of extra-solar planets orbiting them, which if confirmed, should have no, or very
little, effect on their spectral type determinations or their optical spectra.
Example rectified saao low-resolution spectra are shown for representative stars of the spectral
library in Figures 1, 2, 3 & 4. We issue a caveat lector when using rectified spectra for the later-
type stars because of difficulties in placement of the continuum in spectral regions heavily affected
by molecular bandhead absorption. The un-normalized trimmed spectra for these stars, in counts
or absolute flux units, should be preferentially employed in analyses. For the earlier type stars
(∼<F0V), the first five or six lines of the hydrogen Balmer series and the Ca II H (3968 A˚) line are
3http://www.salt.ac.za/observingtools/pipt/pipt salticam simulator/0.5/doc/api/src-
html/za/ac/salt/pipt/salticam/spectrum/Atmosphere.html
– 5 –
very prominent, with few metallic lines evident. For the mid-mass range, F0V → K0V, the low
resolution spectra change appearance appreciably with the growth in strength of the Ca II K (3934
A˚) line, the Mg I triplet lines (5167, 5173 & 5184 A˚) and the Na I D doublet at 5890 & 5896 A˚.
For the lowest-mass, late-type stars (∼>K0V), the Ca II H & K, Mg I triplet and Na I D lines still
feature prominently, although the appearance of TiO and CaH molecular bandheads become ever
more pronounced toward later and later types.
3.1. Homogeneity of Spectral Classifications
We are most grateful to the manuscript referee for urging us to consider the homogeneity of
our spectral library, and to provide appropriate discussion for the reader. Because the spectral
library comprises spectral types derived from several disparate reference materials in the literature,
it is essential and didactic to consider the absolute value and inter-comparability of each spectral
type provided in Table 2.
In the first instance, in order to better understand the homogeneity of our spectral system we
cross-correlate in Fourier space every star in the library with every other one. We subsequently
search for the corresponding matching spectrum which yields the highest4 cross correlation function
height – where 1.0 is the maximum. Results of this process are detailed in Table 4, where we list
the corresponding template that best matches with each target spectrum in the library, and note
differences in both spectral type and luminosity class. The mean difference in derived spectral
types is -0.1 in class (1σ=1.75), which indicates that the zero-point of the spectral type system is
robust, but has a scatter of about 2 sub-classes. Curiously, there are two stars, C 112 and C 512,
which have substantially mis-matched spectra at the 4 & 5 sub-class level, respectively, although
we note that C 112 is a known variable star.
In the second, we construct an Hertzsprung-Russell diagram [hrd] in Mv, B-V space (without
reddening corrections) using hipparcos astrometric data for each star in the library, which are
detailed in Table 5. Plotted in Figure 5, the library stars show the textbook, canonical form of an
hrd, and with the exception of three hotter, blue giants, the overall morphology of the data sample
matches expectation. The loci of the giant-branch and main sequence are very well-defined, with
appropriate positions for the bluer (B-V>0.3) bright giants and supergiants − although the upper
and lower boundaries of each are not as tightly-defined and possibly overlap. Positions of the few
sub-giants in our sample are not as quite as well-defined as one would expect, as three out of the
four stars with hipparcos parallaxes appear more closely aligned with the main sequence locus.
Interestingly, in about 25% of cases, our cross correlation analysis reveals a shift in luminosity
class. We attribute these shifts to one of four plausible causes, and urge caution in over-reliance
4For a small handful of cross-correlation functions, we choose the template star that yielded the second highest
peak (in all cases smaller by only 1%) because it returned a far higher Tonry & Davis (1979) R number.
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of absolute luminosity classification using the library spectra alone: (i) a lack of luminosity class
resolution in the library, where not enough stars of a given spectral type and luminosity class were
observed to sufficiently resolve each star by the correlation method − this effect is especially true for
the earliest type stars; (ii) spectra of intrinsically brighter supergiants, giants or sub-giants mimic
the spectral properties of slightly fainter temperature giants, sub-giants or dwarfs, or vice versa;
(iii) the stars are variable; (iv) mis-identifications in the original, published spectral classifications.
While the aforementioned point (i) may indeed be affecting the cross correlation results, we
can use the position of stars in the hrd to test effects (ii), (iii) & (iv). We should note however
that the physical interpretation of one or all of the last three effects is degenerate in the sense that
one or all of them can mimic displacement in the Mv , B-V plane. In order to guide the eye in
Figure 6, we re-plot Figure 5 highlighting instead those stars which show luminosity class changes
(c.f., Table 4) in the cross correlation analysis. We can divide the problematic luminosity stars into
two broad bins, those with B-V<0.60, and those redward of B-V=0.60, while understanding that
some subset of the highlighted stars may be variable, the following points are evident:
• The sub-giants are not well-defined, and one could argue − in agreement with the cross
correlation results in Table 4 − that the three class-IV stars blueward of B-V=0.6 could be
re-classified as dwarf [V] stars based on our epoch-1999 spectra. The position of the reddest
sub-giant is appropriate for its class.
• The three bluest giant [III] stars are inconsistent with the loci of various flavors of well-
established giant branches, and based upon our epoch-1999 spectra, are in fact representative
of dwarf objects. We note that two of them, C 112 and HR 4889, have luminosity classes
reported in the broader literature of III, IV and V.
• The four dwarf stars blueward of B-V=0.60, with peak-heights in the cross correlation anal-
yses that showed a luminosity class change (to either IV or III), show no evidence of hrd
displacement from their expected dwarf positions.
• For the remaining stars redward of B-V=0.60, the picture is hazier. In Table 4, there are
several giants and bright giants that are identified as either changes up to class-II or down
to class-III. In the hrd, the giants and bright giants are appropriately located for the most
part, and one cannot easily distinguish between the brighter class-III objects or the fainter
class-II objects where the populations overlap. The location of the two supergiants in the
hrd is as one would expect, although a lack of interstellar reddening/extinction correction
may be acting to make them appear slightly under-luminous.
• Finally, we note that one late-type giant in the library, HD 114873, is classified as a dwarf
star of the same spectral type in the cross correlation analysis. Its hrd position (Mv=1.03,
B-V=1.35) is exactly where one would expect a late-type giant to be found, and we can
therefore rule out its dwarf status based upon our epoch-1999 spectra.
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4. Digital Spectral Library
In order to make our spectral library widely available to the wider astronomical community,
especially in digital format, all data products (trimmed- and continuum-fitted spectra, ascii tables
of trimmed spectra (and flux-calibrated spectra of targets for the observing night 02-July-1999)) for
the entire catalog are available for web download5 or via ftp6. A description of the data structure
and format is included in as a ReadMe file in each data repository.
The author acknowledges the data analysis facilities provided by the Starlink Project which
is run by cclrc on behalf of pparc. In addition, the following Starlink packages have been used:
echomop and figaro. This research has also made use of the simbad database, operated at
Centre de Donne´es Astronomiques de Strasbourg, Strasbourg, France, as well as the facilities of
the Canadian Astronomy Data Centre operated by the National Research Council of Canada with
the support of the Canadian Space Agency. This publication also makes use of data products from
the Two Micron All Sky Survey, which is a joint project of the University of Massachusetts and the
Infrared Processing and Analysis Center/California Institute of Technology, funded by the National
Aeronautics and Space Administration and the National Science Foundation. Some assistance in
the spectral typing of M7 stars was provided by Nick Dunstone, and is gratefully acknowledged. We
would also like to offer heartfelt thanks for fruitful discussions with Eric Mamajek (U. Rochester),
especially for sharing his historical spectral type notes. Finally, we are particularly thankful and
grateful to our manuscript Referee who provided a rapid, fair and well-balanced referee’s report for
our project.
Facilities: South African Astronomical Observatory (Radcliffe 1.9m telescope).
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A. Spectral types of stars in M7
The Genesis of this project, nearly 15-years ago, was the desire to obtain low resolution spectra
for photometrically-selected members of the young open cluster, ngc 6475 (M7), the main astro-
physical target of interest for the author’s doctoral thesis. Observing Galactic open clusters is a
noble pursuit because they are unique astrophysical observatories fundamental to studying stellar
evolution. Their great utility arises because their ages can be relatively accurately be determined
by isochrone fitting of cluster color-magnitude diagrams [cmds − (e.g., Sandage 1958; Demarque
& Larson 1964; Naylor 2009; Cargile & James 2010)], determination of the lithium burning-limit
age (e.g., Basri et al. 1996; Cargile, James & Jeffries 2010) or by fitting gyrochronology models to
cluster photometric period-color distributions (e.g., Barnes 2003, 2007, 2010; James et al. 2010).
M7, also known as Ptolemy’s cluster, is a fairly well-populated southern hemisphere object
in the constellation of Scorpius, situated about 4◦ south of the Galactic plane [17h53m,−34◦52.8
′
,
J2000]. Initial investigations of M7 were primarily concerned with obtaining photometry for the
brighter, [V≤ 11], higher mass members of the cluster. Johnson ubv photoelectric and photo-
graphic photometry were obtained down to spectral type ∼F5 by Koelbloed (1959) and Hoag et al.
(1961). Approximately 15 years later, these photometric data were used to facilitate spectral-type
determinations within the cluster (Abt 1975), in order to investigate interstellar reddening in the
direction of the cluster and evaluate its distance (251 pc; Snowden 1976). Thereafter, a small sam-
ple of high mass cluster members were observed by various authors to study binarity, variability
and conduct radial velocity surveys amongst B and A stars of the cluster (e.g., Leung & Schneider
1975; Engberg 1983; Gieseking 1985).
The most recent robust age, distance and reddening estimates for the cluster are given by
Meynet, Mermilliod &Maeder (1993) using isochrone fitting. Employing solar-metallicity isochrones,
incorporating convective overshoot and improved opacity tables, they fit the high mass members in
the color-magnitude diagram, and obtained a distance of ∼240 pc, a reddening of EB−V=0.06, and
an age of 224 Myr (the age derived by Mermilliod 1981, and consistent with the trigonometric par-
allax distance [270 pc] derived by van Leeuwen 2009). James & Jeffries (1997 - [JJ97]) performed
the first extensive, high-resolution spectroscopic observations of the cluster’s solar-type stars in
their study of radial and rotation velocities, chromospheric magnetic activity and lithium abun-
dances of X-ray selected cluster members. They exploited their e´chelle spectra to derive a slightly
super-solar metallicity for the cluster of [Fe/H]= +0.110± 0.034. Sestito et al. (2003) performed a
second, high-resolution spectroscopic study of M7, specifically focused on lithium abundance evolu-
tion of its solar-type stars, and with a cluster metallicity determination of [Fe/H]= +0.14±0.06, in
agreement with the JJ97 result. However, a recent metallicity determination of seven stars in the
cluster (Villanova et al. 2009), based on European Southern Observatory archival spectra, yields a
more solar-like metallicity of [Fe/H]=+0.03± 0.02. We note however that they included two dwarf
B-stars and two late-giants in their analysis, which for cluster abundance work is somewhat unusual
and can lead to abundance determination irregularities (for the lack of metallic lines and possible
dredge-up of processed material, respectively).
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Performing a low resolution spectroscopic survey of open clusters like ngc 6475 represents a
quick-and-easy, resource-cheap and scientifically powerful method of identifying bona fide cluster
members for follow-up study through rejection of foreground dwarf stars and background giants.
This methodology was particularly useful for X-ray pointings of crowded fields in the rosat era,
where positional error circles for pspc observations were large (typically 25-30” at 1 keV - Briel
& Pfeffermann, 1986), and remained problematic for the most crowded fields even with the hri
(≃ 5” - David et al. 1996). Because ngc 6475 lies only four-degrees south of the Galactic plane,
such large spatial error circles meant that identifying optical counterparts in X-ray error circles
that were likely to be true cluster member was fraught with uncertainty. This in turn affects one’s
ability to establish cluster membership using only a photometric catalog, mostly due to the large
number of non-member, field star interlopers contaminating the cluster’s photometric sample.
Having observed M7 stars during the same saao observing run used to obtained spectra for our
spectral library, we have been able to perform a spectral type analysis of several photometrically
and X-ray selected members of ngc 6475. All spectral type determinations were made by visual
comparison to our new library, with special attention being given to the Ca II H & K lines, Ca I
lines at 4226, 6122, 6162A˚, Na I D lines at 5890 & 5896A˚, and the first four Balmer series lines at
6562.8, 4861.3, 4340.4 & 4101.7A˚ (Hα → δ), as well as the TiO bandheads such as those at 4760,
5167 & 5448A˚, 6700A˚ and 7200A˚ for the cooler targets. We have shown that spectral types are
reliable to ± two sub-divisions.
Bright, hot star targets were selected from the photographic and photoelectric sample by
Koelbloed (1959- [K59]), whereas the BVIc ccd survey of the cluster by Prosser et al. (1995 -
[P95]) was employed for the fainter, lower-mass stars. Details of the M7 targets are presented
in Table 6, with column 2 reserved for cross-identifications with the JJ97 spectroscopic study.
Astrometry and near infrared magnitudes (obtained from 2mass sources) are provided for each M7
object in columns 3, 4, and 8-10 respectively. Optical photometric data, taken from K59 and P95,
for V, B-V and V-Ic (where available) are listed in columns 5-7.
Our derived spectral types for M7 stars are detailed in Table 7, with an exemplar of the spectral
typing process shown in Figure 7. We note that Hα and Ca II H & K move into overt emission
(emission above the local continuum level) at spectral type K3V/K4V. For each M7 star, where
the photometric data allow, we also calculate reddening vectors EB−V , EV−Ic, EJ−H and EH−K
by comparing observed photometric colors to Kenyon & Hartmann (1995 - [KH95]) theoretical
colors derived from spectral type. In establishing reddening vectors, we only select stars brighter
than V=12 magnitudes because of deep reservations concerning source confusion and photometric
quality in the P95 survey. This is because they chose to use aperture photometry instead of point-
spread function [psf] fitting photometry to measure stellar flux on their ccd images, which from
our experience is most unreliable for V>12 sources in open cluster fields so close to the Galactic
plane − due to contaminating flux arising from near-neighbors.
For all M7 stars listed in Table 7, having V≤12, we find a mean E(B−V ) = 0.068 ± 0.012
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(1σ=0.058, n=24). This value is consistent with previous determinations of B-V reddening in the
cluster by K59 and Snowden (1976), and matches well with that determined by Maitzen & Floquet
(1981). In terms of V-Ic color, we find a mean E(V−Ic) = 0.049 ± 0.018 (1σ=0.069, n=14), which is
nearly 50% smaller than one would expect assuming a reddening law of E(V−Ic) = 1.30 × E(B−V )
(Ramı´rez & Mele´ndez 2005), although there is agreement within 1σ. In the near infrared, for
the J-H and H-K colors, we find a mean E(J−H) = 0.059 ± 0.009 (1σ=0.053, n=32) and a mean
E(H−K) = 0.008 ± 0.006 (1σ=0.034, n=32). Both of the infrared values lie within the 1σ error
range of expected E(J−H) and E(H−K) reddening values based on the Ramı´rez & Mele´ndez E(B−V )
reddening laws.
Comparison of low resolution spectra for candidate members of the cluster to our spectral
library spectra is a powerful and efficient method of weeding out field-star interlopers contaminating
the cluster sample. Such objects must be cluster non-members either lying in-front of, or behind,
the cluster. An example of this methodology is shown in Figure 8, and shows how easily one can
discover cluster non-members in the sample. In this case, we plot the saao spectrum of an M7
candidate member of the cluster, N113-8, selected from the author’s doctoral thesis research, with
a dereddened (EB−V=0.07) B-Vo=1.25. For this color, the K95 color-spectral type relationships
show that this object should be spectral type ∼ K6V. In Figure 8, we also plot the library spectrum
of the K5V star, Gl 795, with its flux matched to that of N113-8 at Hα. There is a clear mis-match
between the K5V standard and the M7 star, and strong evidence of suppressed blue flux, indicative
of high interstellar reddening. Furthermore, the morphology of the M7 stellar spectrum, blueward
of ≃ 6000A˚, is particularly flat and featureless, indicative of a much hotter star than the expected
K5V one. We posit that M7 candidate member N113-8 is in fact a non-member, background
reddened giant, of much earlier spectral type than would be expected for its de-reddened B-V
color.
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Fig. 1.— Normalized (and offset) spectra for a subsample of objects detailed in Table 2, obtained
using the instrumental set-up described in § 2, are presented for stars in the spectral range B2V
− A7 III. Identification of major spectral features are annotated at the bottom of the composite
spectra.
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Fig. 2.— Same as Figure 1, for stars in the spectral range A9V − G5V.
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Fig. 3.— Same as Figure 1, for stars in the spectral range G6 III − K5 III.
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Fig. 4.— Same as Figure 1, for stars in the spectral range M0 III − M5 III.
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Fig. 5.— Hertzsprung Russell diagram for stars in the spectral library, without interstellar ex-
tinction corrections, triaged into luminosity class. Distances are based are targets’ hipparcos
trigonometrical parallaxes detailed in Table 5.
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Fig. 6.— Reproduction of Figure 5 to highlight those objects (with square symbols) demonstrating
a luminosity class change in the cross correlation analysis described in § 3.1.
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Fig. 7.— saao low resolution spectra are presented for the M7 cluster member R39b (see Table 6),
together with comparison reference spectra from our spectral library, from which we infer a spectral
type of G3V for R39b. The reference spectra are scaled to the flux of R39b at 6000 A˚. We note
the poor spectral match in the red (∼>6200 A˚), which may be caused by additional red flux from
an unseen, low-mass secondary companion (JJ97 find this star to be a single-lined spectroscopic
binary).
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Fig. 8.— An saao low resolution spectrum is presented for M7 candidate member N113-8 (can-
didacy based on author’s doctoral thesis research), with ra(2000): 17 54 18.6, dec(2000): -35 25
38.0, V=15.33 and B-V=1.32. Also plotted, from the spectral library, is a spectrum of the K5V
star Gl 795. The reference spectrum is scaled to the flux at Hα (6563A˚).
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Table 1. Properties and observation log for stars of known spectral type and luminosity observed
during this program
Stara Alt IDb RA(2000) DEC(2000) Obs UT Exp HJD Commentsd
[2MASS]c [2MASS]c Date Time [s] [days]
C 357 HD 1835 00 22 51.74 -12 12 34.08 1999-07-03 04:21 12 2451362.682
C 903 HD 1879 00 23 04.39 -15 56 33.58 1999-07-04 02:45 5 2451363.615
HR 293 HD 6178 01 02 26.44 -31 33 07.05 1999-06-30 03:31 26 2451359.647 thin cloud
C 512 HD 9362 01 31 15.11 -49 04 21.46 1999-07-09 04:45 4 2451368.699 1.5 ND
E 109 HD 9403 01 31 32.65 -43 50 47.70 1999-07-04 03:32 35 2451363.648
C 283 HD 10647 01 42 29.32 -53 44 27.11 1999-07-03 04:07 3 2451362.672
C 632 HD 10476 01 42 29.78 20 16 07.36 1999-07-03 05:04 2 2451362.709
HD 10700 HR 509 01 44 04.02 -15 56 14.19 1999-06-30 02:45 4 2451359.613 thin cloud
C 563 HD 11353 01 51 27.62 -10 20 06.13 1999-07-03 04:58 4 2451362.705 2.5 ND
C 965 HD 11695 01 53 38.75 -46 18 09.61 1999-07-03 03:18 2 2451362.638 1.5 ND
C 802 HD 12524 02 01 42.40 -44 42 48.48 1999-07-03 02:56 2 2451362.622
C 324 HD 20807 03 18 12.81 -62 30 23.09 1999-07-03 04:15 3 2451362.677
C 484 HD 20794 03 19 55.64 -43 04 11.30 1999-07-03 04:31 3 2451362.687
BS 1173 GJ 155 03 46 50.90 -23 14 58.50 1999-06-30 04:00 10 2451359.663 thin cloud
E 252 HD 24249 03 49 49.36 -42 43 39.32 1999-07-04 03:40 20 2451363.651
C 461 HD 29291 04 35 33.06 -30 33 44.47 1999-07-03 04:38 3 2451362.690
E 463 HD 81971 09 27 45.10 -43 38 15.69 1999-06-30 17:19 70 2451360.220
C 376 HD 94481 10 54 17.77 -13 45 28.95 1999-07-05 16:42 5 2451365.193
HD 100407 LTT 4265 11 33 00.13 -31 51 27.33 1999-07-05 16:51 3 2451365.201 1.5 ND
HD 102365 HR 4523 11 46 31.08 -40 30 01.32 1999-06-29 17:54 7 2451359.246 0.75 ND
E 577 HD 102981 11 51 13.14 -43 55 58.99 1999-06-30 17:14 5 2451360.218
E 507 HD 103911 11 57 47.27 -46 47 11.71 1999-06-30 17:08 70 2451360.215
E 519 HD 104211 12 00 04.84 -46 02 48.76 1999-07-02 16:34 75 2451362.191
HR 4600 HD 104731 12 03 39.52 -42 26 02.82 1999-06-29 18:14 2 2451359.260
E 525 HD 105364 12 07 56.54 -45 55 31.89 1999-07-02 16:44 55 2451362.198
E 502 HD 105498 12 08 43.05 -44 55 33.60 1999-07-02 16:40 12 2451362.195
E 575 HD 105905 12 11 19.15 -44 51 40.80 1999-07-02 16:57 65 2451362.207
HR 4638 HD 105937 12 11 39.13 -52 22 06.56 1999-06-30 16:36 2 2451360.193 1.5 ND
E 572 HD 106589 12 15 36.65 -48 24 58.10 1999-07-02 16:50 55 2451362.202
E 579 HD 107392 12 20 54.11 -47 27 16.58 1999-07-03 17:23 16 2451363.225
C 366 HD 108477 12 27 49.44 -16 37 54.74 1999-07-04 17:34 4 2451364.232
Gl 479 GJ 479 12 37 52.31 -52 00 05.51 1999-07-03 16:53 80 2451363.205
C 225 HR 4825 12 41 39.62 -01 26 58.07 1999-07-03 17:16 3 2451363.219
C 976 HD 111499 12 49 47.03 -15 04 44.23 1999-07-07 16:43 5 2451367.196 thin cloud
HR 4889 HD 111968 12 53 26.20 -40 10 44.02 1999-06-29 18:20 4 2451359.265 1.5 ND
C 894 SAO 252073 12 53 41.33 -60 20 57.85 1999-07-06 17:23 7 2451366.226
HD 114873 HR 4991 13 13 57.67 -43 08 20.76 1999-07-02 17:09 5 2451362.216
HR 5019 HD 115617 13 18 24.44 -18 18 38.79 1999-06-30 16:46 4 2451360.200 0.75 ND
HD 115617 GJ 506; HR 5019 13 18 24.44 -18 18 38.79 1999-07-02 17:04 5 2451362.212 0.75 ND
HD 120323 HR 5192; C 978 13 49 26.75 -34 27 02.64 1999-07-02 17:21 5 2451362.225 2.5 ND
C 978 HD 120323 13 49 26.75 -34 27 02.64 1999-07-07 16:50 5 2451367.203 2.5 ND
HR 5190 HD 120307 13 49 30.28 -41 41 15.66 1999-06-29 17:42 7 2451359.240 2.5 ND
E 682 HD 127864 14 35 10.72 -46 27 43.10 1999-07-05 16:59 9 2451365.210
HR 5453 HD 128345 14 37 53.23 -49 25 32.65 1999-06-30 16:54 3 2451360.207 0.75 ND
E 633 HD 128413 14 38 13.49 -45 52 18.94 1999-07-03 17:34 13 2451363.235
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Table 1—Continued
Stara Alt IDb RA(2000) DEC(2000) Obs UT Exp HJD Commentsd
[2MASS]c [2MASS]c Date Time [s] [days]
E 628 HD 129623 14 44 59.93 -44 39 54.06 1999-06-30 17:27 28 2451360.230
E 618 HD 130035 14 47 21.13 -44 27 11.36 1999-06-30 17:33 130 2451360.235
E 613 HD 131503 14 55 25.80 -44 20 02.49 1999-07-03 17:29 15 2451363.232
HD 131976 GJ 570B 14 57 26.44 -21 24 38.44 1999-06-29 18:35 18 2451359.278
HD 131976 GJ 570B 14 57 26.44 -21 24 38.44 1999-07-02 17:32 30 2451362.234
HD 131977 GJ 570A 14 57 27.88 -21 24 52.65 1999-06-29 18:40 3 2451359.281
HD 131977 GJ 570A 14 57 27.88 -21 24 52.65 1999-07-02 17:28 5 2451362.231
E 695 HD 132242 14 59 27.19 -43 09 35.51 1999-07-04 17:42 4 2451364.241
C 843 HD 132933 15 01 48.91 -00 08 25.17 1999-07-07 16:56 6 2451367.208
HD 144585 HR 5996 16 07 03.41 -14 04 16.65 1999-06-29 18:07 9 2451359.259
HD 144628 GJ 613 16 09 42.81 -56 26 43.10 1999-06-29 18:01 15 2451359.255
C 280 HD 146143 16 17 00.95 -50 04 05.19 1999-07-06 16:59 12 2451366.212
C 166 HD 146624 16 18 17.90 -28 36 50.29 1999-07-03 17:09 2 2451363.219
C 199 HD 147084 16 20 38.19 -24 10 09.51 1999-07-06 16:50 5 2451366.206
Gl 628 LTT 6580 16 30 18.09 -12 39 43.42 1999-07-03 17:01 65 2451363.214
E 766 HD 159868 17 38 59.56 -43 08 43.77 1999-07-03 17:40 20 2451363.241
C 852 HD 163755 17 59 05.32 -30 15 10.98 1999-07-06 17:34 3 2451366.237
C 728 HR 6842 18 18 03.20 -27 02 33.46 1999-07-06 17:41 3 2451366.242
C 112 HR 7447 19 36 43.28 -01 17 11.89 1999-07-03 03:38 7 2451362.656
F 301 HD 184588 19 43 00.02 -75 23 51.41 1999-07-04 03:20 40 2451363.642
HD 192273 PPM 364529 20 19 06.33 -69 26 06.46 1999-07-05 03:27 70 2451364.648
Gl 795 HD 196795 20 39 37.76 04 58 19.29 1999-07-03 02:46 20 2451362.619
F 322 HD 196051 20 42 03.00 -76 10 50.25 1999-07-04 03:26 8 2451363.646
C 176 HR 7950 20 47 40.55 -09 29 44.72 1999-07-03 03:46 8 2451362.661 2.5 ND
HD 198026 HR 7951 20 47 44.23 -05 01 39.54 1999-06-30 02:38 6 2451359.614 thin cloud
C 346 HD 206301 21 41 32.87 -14 02 51.13 1999-07-09 04:37 10 2451368.697
HR 8351 GJ 9761 21 53 17.77 -13 33 06.34 1999-06-30 03:04 25 2451359.631 thin cloud
HD 211416 HR 8502 22 18 30.10 -60 15 34.54 1999-06-30 02:54 6 2451359.624 thin cloud
HR 8592 GJ 9789 22 34 41.61 -20 42 29.32 1999-06-30 03:12 25 2451359.636 thin cloud
Gl 865 LTT 9113 22 38 29.74 -65 22 42.33 1999-07-08 03:09 150 2451367.635
Gl 866 LTT 9122 22 38 33.73 -15 17 57.33 1999-07-05 03:40 250 2451364.657
HR 8628 HD 214748 22 40 39.35 -27 02 37.14 1999-06-30 03:19 10 2451359.641 thin cloud
HD 214850 HR 8631 22 40 52.69 14 32 57.16 1999-06-30 02:27 150 2451359.604 thin cloud
C 982 HD 214952 22 42 40.03 -46 53 04.40 1999-07-04 02:55 8 2451363.625 6.3 ND
E 983 HD 215072 22 43 17.68 -41 32 36.36 1999-07-05 03:59 25 2451364.669
Gl 876 LTT 9244 22 53 16.72 -14 15 48.91 1999-07-04 02:33 80 2451363.609
C 193 HR 8728 22 57 39.02 -29 37 19.40 1999-07-03 03:53 2 2451362.665 4.0 ND
C 120 HR 8858 23 17 54.21 -09 10 57.23 1999-07-03 03:31 4 2451362.648
HD 220954 HR 8916 23 27 58.11 06 22 44.28 1999-06-30 02:14 20 2451359.594 thin cloud
C 972 EQ Peg 23 31 52.09 19 56 14.22 1999-07-03 03:07 80 2451362.631
C 269 HD 222368 23 39 57.07 05 37 34.31 1999-07-03 04:00 3 2451362.668 1.5 ND
C 596 HD 224618 23 59 27.79 -16 56 41.02 1999-07-03 04:51 55 2451362.704
aCnnn - Garcia (1989) identifiers; Ennn - E-region photometric standard stars (Vogt, Geisse & Rojas 1981; Kilkenny &
Cousins 1995); Fnnn - F-region photometric standard stars (Menzies & Laing 1988)
bAlternative identifications, which include the wide-spread monikers: GJ - Gliese & Jahreiss, HD - Henry Draper, HR
- Harvard Obs., Revised Catalogue, LTT - Luyten Two Tenths, SAO - Smithsonian Astrophysical Observatory and PPM -
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Position and Proper Motion.
cCoordinate data are taken from sources in the 2mass All-Sky Release Point Source catalog (March 2003).
[http://irsa.ipac.caltech.edu/cgi-bin/Gator/nph-dd]
dComments indicate observing conditions: ND = Neutral Density filter used - e.g., 2.5 ND indicates that a 2.5-magnitude
neutral density filter was inserted into the beam.
– 27 –
Table 2. Spectral types, optical ubvri magnitudes and special-case commentary for stars of
known spectral type and luminosity observed during this program.
Stara Commentsb Spectral Ref V (U-B) (B-V) (V-R)c (R-I)c Ref
Types SpTy [mags] [mags] [mags] [mags] [mags] Photometry
HR 5190 B2 IV H69 3.41 -0.85 -0.22 -0.12 -0.21 JMIW66
HD 192273 B2 V HC75 8.845 -0.817 -0.187 -0.091 -0.111 MCBL89
HR 4638 B3 V H78 3.96 -0.61 -0.15 -0.071 -0.094 JMIW66, C80a
C 112 B5 IIIv C58 4.36 -0.44 -0.09 -0.016 -0.04 JMIW66, C80a
HR 5453 B5 V H69 4.05 -0.56 -0.15 -0.067 -0.094 JMIW66, C80a
C 120 B5 V B57 4.40 -0.55 -0.14 -0.06 -0.076 JMIW66, C80a
HR 8628 B8 Ve H82 4.16 -0.34 -0.12 -0.028 -0.04 JMIW66, E78
E 502 B8/9 V H78 8.061 -0.238 -0.032 -0.014 -0.017 MCBL89
E 682 B9 V H78 6.890 -0.125 -0.017 0.005 0.007 MCBL89
C 166 A0 V H82 4.77 -0.01 0.02 -0.011 0.001 JMIW66, C80a
E 577 A0 V H78 6.599 -0.047 -0.014 -0.020 -0.01 MCBL89
C 176 A1 V B57 3.77 0.02 0.00 -0.005 -0.005 JMIW66, C80a
HR 293 A2 IV H82 5.50 0.08 JMIW66
C 193 BD binary A4 V G06 1.153 0.152 0.100 0.053 0.025 JMIW66, C80a
E 613 A4 V H78 7.988 0.154 0.232 0.124 0.130 MCBL89
C 199 A5 II MK73 4.57 0.67 0.84 0.580 0.68 JMIW66, C80a
E 507 A5 V H78 8.833 0.176 0.179 0.098 0.108 C83, C80b
E 252 A5/6 V H78 7.348 0.143 0.179 0.096 0.102 MCBL89
HR 4889 A7 III L72 4.27 0.12 0.21 0.20 0.14 JMIW66
E 579 A7 III H78 7.109 0.128 0.253 0.144 0.147 MCBL89
E 463 A9 V H78 8.849 0.126 0.228 0.123 0.131 MCBL89
C 225 SB F0 V S55 2.74 -0.03 0.36 0.214 0.214 JMIW66, C80a
E 618 F0 V H78 9.374 0.080 0.370 0.220 0.226 MCBL89
HR 8351 X-ray F2 V G06 5.08 0.37 0.22 0.215 JMIW66, C80c
E 519 F3 V H78 9.820 0.053 0.478 0.279 0.277 MCBL89
BS 1173 F5 IV G06 4.23 0.01 0.42 JMIW66, C80c
HR 4600 F5 V G06 5.15 -0.04 0.42 0.252 0.250 JMIW66, C80b
HR 8592 X-ray F5 V G06 5.21 0.44 0.25 0.245 JMIW66, C80c
F 322 HPM F6 II/III HC75 5.972 0.134 0.446 0.264 0.257 MCBL89
E 695 F7 II H78 6.104 0.288 0.596 0.342 0.324 MCBL89
C 269 X-ray F7 V JM53 4.13 0.01 0.51 0.298 0.291 JMIW66, C80a
E 109 F8 V H78 8.187 0.035 0.518 0.291 0.283 MCBL89
C 280 F9 I M75 4.99 0.51 0.80 0.448 0.428 JMIW66, C80a
C 283 ESP ? F9 V G06 5.521 0.00 0.534 HO87
F 301 X-ray G0 V HC75 8.006 0.050 0.540 0.314 0.294 MCBL89
C 346 X-ray G1 IV G06 5.15 0.67 JM53
C 324 G1 V BD64 5.24 0.60 0.344 0.327 JMIW66, C80a
HD 144585 G1.5 V G06 6.32 0.66 0.24 0.205 JMIW66, E78
HD 102365 ESPs G2 V G06 4.88 0.10 0.67 0.53 0.38 F66
E 525 G2 V H78 9.372 0.406 0.801 0.442 0.420 MCBL89
HD 214850 X-ray G3 V E63 5.706 0.726 0.26 0.27 HO87, E78
C 357 G3 V H88 6.39 0.66 0.365 0.335 JMIW66, C80c
C 376 G4 III G89 5.66 0.83 JMIW66
C 366 G5 II H88 6.35 0.50 0.84 R69
E 766 HPM, ESPs G5 V H78 7.245 0.250 0.722 0.393 0.371 MCBL89
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Table 2—Continued
Stara Commentsb Spectral Ref V (U-B) (B-V) (V-R)c (R-I)c Ref
Types SpTy [mags] [mags] [mags] [mags] [mags] Photometry
E 572 HPM G5 V H78 8.940 0.141 0.670 0.368 0.355 MCBL89
E 628 G6 III H78 7.522 0.610 0.939 0.492 0.460 MCBL89
HD 100407 HPM; X-ray G7 III G06 3.54 0.94 0.485 0.434 M98
HD 115617 ESPs? G7 V G06 4.74 0.26 0.71 0.397 0.357 JMIW66, C80a
C 461 G8 III H82 3.82 0.72 0.98 0.489 0.445 JMIW66, C80a
C 484 3-ESPs G8 V G06 4.27 0.22 0.71 0.407 0.386 JMIW66, C80a
HD 10700 X-ray G8.5 V G06 3.50 0.21 0.72 0.62 0.47 JMIW66
C 512 HPM G9 III KY88 3.944 0.709 0.991 0.516 0.483 MCBL89
C 563 K0 III G89 3.72 1.06 1.14 0.574 0.499 JMIW66, C80a
C 596 HPM K0 V KM89 8.92 0.29 0.78 CHW67
HD 220954 K1 III M70 4.30 1.03 1.08 0.80 0.53 JMIW66
C 632 K1 V G06 5.24 0.49 0.84 0.69 0.43 JMIW66
HD 144628 K1 V G06 7.11 0.48 0.86 0.48 0.445 C73, C80c
E 633 K2 III H78 6.834 1.208 1.176 0.602 0.532 MCBL89
E 575 K2 V H78 9.324 0.583 0.886 0.481 0.426 MCBL89
C 728 K3 II MK73 4.63 1.80 1.66 0.861 0.759 JMIW66, C80a
HD 211416 K3 III KM89 2.86 1.54 1.39 0.721 0.646 JMIW66, E78
HD 114873 K4 III H78 6.16 1.64 1.35 1.04 0.79 F83
HD 131977 multiple system K4 V G06 5.71 1.06 1.11 0.99 0.54 JMIW66
C 802 K5 III H78 5.14 1.82 1.49 0.822 0.793 JMIW66, C80a
Gl 795 triple; X-ray K5 V KM89 7.87 1.10 1.23 0.755 0.685 CHW67, C80c
E 983 M0 III H78 8.253 1.89 1.552 0.899 0.988 MCBL89
C 903 M0 III H88 6.47 1.85 1.60 R55
C 843 double M0.5 IIb G89 5.70 1.55 1.50 C64
C 852 double M1 Ib KM89 4.99 1.62 JMIW66
HD 131976 SB2/multiple M1.5 V G06 7.93 1.23 1.50 1.28 1.18 J65
C 894 M2 Iab S70 7.45 2.57 2.22 DK84
Gl 479 X-ray M2 V M01 10.663 1.199 1.535 1.077 2.430 K10
HD 198026 M3 III MK73 4.44 1.93 1.67 1.47 1.31 JMIW66
C 976 M3/M4 III H88 6.9 1.65 1.67 JM53
Gl 865 X-ray, HPM M3.5 Ve G06 11.446 1.168 1.604 1.179 2.702 K10
C 972 X-ray; dbl? M3.5 Ve F09 10.165 0.988 1.584 1.183 2.719 K10
Gl 628 HPM M3.5 V M01 10.075 1.170 1.577 1.158 2.674 K10
C 965 M4 III KM89 4.41 1.70 1.59 1.73 1.51 JMIW66, C80a
Gl 876 HPM; ESPs M4 V R95 10.192 1.179 1.557 1.179 1.543 L09
HD 120323 M5 III H82 4.19 1.45 1.50 1.328 1.669 JMIW66, C80a
C 982 M5 III H78 2.11 1.60 1.62 1.152 1.451 JMIW66, C80a
Gl 866 HPM; X-ray M6 Ve R04 12.361 1.408 1.993 1.648 2.042 L09
aSame primary identifiers as listed in Table 1
bESPs = Extra Solar Planet host star; SB/SB2 = Spectroscopic Binary star; X-ray = X-ray active star, detected in the rosat
All-Sky Survey [rass]; double/multiple/triple = multiple star system, in most cases visual binaries/triples, as detailed by the
simbad database; HPM = High Proper Motion stars; BD-binary = Brown Dwarf binary also present in the system.
References. — H78 - Houk 1978; G06 - Gray 2006; L72 - Levato 1972; M70 - McClure 1970; E63 - Eggen 1963; MK73 - Morgan
& Keenan 1973; HC75 - Houk & Cowley 1975; H82 - Houk 1982; H69 - Hiltner, Garrison & Schild 1969; K10 - Koen et al. 2010;
F09 - Frasca et al. 2009; B57 - Bonsack & Stock 1957; C58 - Crawford 1958; JM53 - Johnson & Morgan 1953; BD64 - Buscombe
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& Dickens 1964; H88 - Houk & Smith-Moore 1988; G89 - Garcia 1989; M01 - Montes et al. 2001; KM89 - Keenan & McNeil
1989; S55 - Slettebak 1955; R95 - Reid, Hawley & Gizis 1995; R04 - Reid et al. 2004; G01 - Gray, Napier & Winkler 2001; M75
- Malaroda 1975; S70 - Schild 1970; KY88 - Keenan & Yorka 1988; JMIW66 - Johnson et al. 1966; MCBL89 - Menzies et al.
1989; M98 - Metanomski et al. 1998; C80a - Cousins 1980a; E78 - Eggen 1978; C83 - Cousins 1983; C80b - Cousins 1980; C80c -
Cousins 1980; HO87 - Ha¨ggkvist & Oja, 1987; F66 - Feinstein 1966; R69 - Rybka 1969; CHW67 - Cowley, Hiltner & Witt 1967;
C73 - Cousins 1973; F83 - Fernie 1983; R55 - Roman 1955; C64 - Cousins 1964; J65 - Johnson 1965; DK84 - Dachs & Kaiser
1984; L09 - Landolt 2009
– 30 –
Table 3. Infrared 2mass magnitudes for our spectral library stars.
Stara J H K Err
[2MASS]b [2MASS]b [2MASS]b Codeb
HR 5190 4.014 ± 0.260 4.139 ± 0.222 4.240 ± 0.288 DDD
HD 192273 9.267 ± 0.022 9.340 ± 0.023 9.390 ± 0.025 AAA
HR 4638 4.203 ± 0.326 4.302 ± 0.322 4.420 ± 0.020 DDA
C 112 4.444 ± 0.284 4.422 ± 0.244 4.482 ± 0.018 DDA
HR 5453 4.346 ± 0.268 4.573 ± 0.076 4.507 ± 0.036 DEE
C 120 4.704 ± 0.037 4.758 ± 0.029 4.758 ± 0.021 EEA
HR 8628 4.281 ± 0.292 4.365 ± 0.246 4.400 ± 0.036 DDA
E 502 8.091 ± 0.025 8.153 ± 0.034 8.150 ± 0.022 AAA
E 682 6.801 ± 0.029 6.816 ± 0.036 6.825 ± 0.033 AAA
C 166 4.855 ± 0.037 4.939 ± 0.076 4.739 ± 0.018 EEA
E 577 6.615 ± 0.025 6.671 ± 0.027 6.641 ± 0.024 AAA
C 176 3.848 ± 0.270 3.671 ± 0.234 3.737 ± 0.224 DDD
HR 293 5.386 ± 0.029 5.285 ± 0.042 5.224 ± 0.017 EAA
C 193 1.037 ± 0.234 0.937 ± 0.256 0.945 ± 0.286 DDD
E 613 7.488 ± 0.018 7.471 ± 0.053 7.403 ± 0.017 AAA
C 199 2.222 ± 0.292 1.899 ± 0.258 1.681 ± 0.306 DDD
E 507 8.392 ± 0.020 8.363 ± 0.045 8.289 ± 0.026 AAA
E 252 6.969 ± 0.020 6.897 ± 0.029 6.877 ± 0.026 AAA
HR 4889 3.915 ± 0.248 3.683 ± 0.254 3.714 ± 0.228 DDD
E 579 6.554 ± 0.024 6.453 ± 0.027 6.433 ± 0.021 AAA
E 463 8.378 ± 0.034 8.290 ± 0.044 8.252 ± 0.034 AAA
C 225 2.041 ± 0.272 1.925 ± 0.224 1.873 ± 0.232 DDD
E 618 8.597 ± 0.023 8.461 ± 0.027 8.425 ± 0.021 AAA
HR 8351 4.299 ± 0.256 4.062 ± 0.238 4.180 ± 0.017 DDA
E 519 8.885 ± 0.025 8.703 ± 0.038 8.666 ± 0.025 AAA
BS 1173 3.609 ± 0.302 3.393 ± 0.236 3.353 ± 0.270 DDD
HR 4600 4.277 ± 0.238 4.028 ± 0.206 4.087 ± 0.036 DCE
HR 8592 4.532 ± 0.292 4.266 ± 0.258 4.327 ± 0.326 DDD
F 322 5.181 ± 0.037 4.908 ± 0.024 4.839 ± 0.016 EEA
E 695 5.047 ± 0.178 4.719 ± 0.016 4.607 ± 0.018 CAA
C 269 3.299 ± 0.286 2.988 ± 0.240 2.946 ± 0.288 DDD
E 109 7.232 ± 0.018 6.959 ± 0.024 6.916 ± 0.024 AAA
C 280 3.390 ± 0.238 2.997 ± 0.212 2.825 ± 0.288 DCD
C 283 4.791 ± 0.226 4.399 ± 0.234 4.340 ± 0.276 DDD
F 301 6.986 ± 0.021 6.759 ± 0.033 6.670 ± 0.022 AAA
C 346 4.125 ± 0.266 3.634 ± 0.244 3.690 ± 0.268 DDD
C 324 4.271 ± 0.300 3.874 ± 0.232 3.860 ± 0.228 DDD
HD 144585 5.181 ± 0.043 4.970 ± 0.034 4.800 ± 0.024 EAA
HD 102365 3.931 ± 0.276 3.490 ± 0.238 3.489 ± 0.278 DDD
E 525 7.807 ± 0.024 7.345 ± 0.034 7.331 ± 0.024 AAA
HD 214850 4.619 ± 0.196 4.212 ± 0.180 3.937 ± 0.036 CCE
C 357 5.253 ± 0.021 5.035 ± 0.034 4.861 ± 0.016 AAA
C 376 4.235 ± 0.234 3.756 ± 0.224 3.745 ± 0.246 DDD
C 366 4.838 ± 0.037 4.497 ± 0.232 4.271 ± 0.036 EDE
E 766 5.941 ± 0.021 5.567 ± 0.026 5.535 ± 0.024 AAA
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Table 3—Continued
Stara J H K Err
[2MASS]b [2MASS]b [2MASS]b Codeb
E 572 7.699 ± 0.023 7.363 ± 0.047 7.319 ± 0.021 AAA
E 628 5.868 ± 0.019 5.387 ± 0.021 5.259 ± 0.017 AAA
HD 100407 1.994 ± 0.334 1.527 ± 0.226 1.471 ± 0.252 DDD
HD 115617 3.334 ± 0.200 2.974 ± 0.176 2.956 ± 0.236 CCD
C 461 2.150 ± 0.314 1.661 ± 0.220 1.552 ± 0.276 DDD
C 484 3.032 ± 0.262 2.709 ± 0.234 2.636 ± 0.278 DDD
HD 10700 2.149 ± 0.310 1.800 ± 0.234 1.794 ± 0.274 DDD
C 512 2.226 ± 0.292 1.703 ± 0.192 1.629 ± 0.222 DCD
C 563 1.739 ± 0.278 1.155 ± 0.216 1.016 ± 0.250 DCD
C 596 7.471 ± 0.025 7.069 ± 0.045 6.955 ± 0.031 AAA
HD 220954 2.516 ± 0.250 1.983 ± 0.214 1.859 ± 0.252 DCD
C 632 3.855 ± 0.240 3.391 ± 0.226 3.285 ± 0.266 DDD
HD 144628 5.546 ± 0.024 5.102 ± 0.017 4.981 ± 0.026 AAA
E 633 5.198 ± 0.256 4.374 ± 0.178 4.281 ± 0.288 DCD
E 575 7.789 ± 0.021 7.338 ± 0.036 7.314 ± 0.022 AAA
C 728 1.753 ± 0.292 0.994 ± 0.318 0.817 ± 0.348 DDD
HD 211416 0.595 ± 0.214 -0.204 ± 0.252 -0.379 ± 0.296 CDD
HD 114873 3.791 ± 0.222 3.020 ± 0.244 2.823 ± 0.250 DDD
HD 131977 3.663 ± 0.258 3.085 ± 0.196 3.048 ± 0.224 DCD
C 802 2.513 ± 0.318 1.805 ± 0.294 1.567 ± 0.328 DDD
Gl 795 5.509 ± 0.021 4.899 ± 0.016 4.739 ± 0.018 AAA
C 843 2.850 ± 0.284 1.980 ± 0.248 1.691 ± 0.272 DDD
C 903 3.362 ± 0.276 2.500 ± 0.214 2.295 ± 0.252 DCD
E 983 5.153 ± 0.034 4.151 ± 0.254 4.088 ± 9.999 EDF
C 852 1.772 ± 0.336 0.934 ± 0.286 0.750 ± 0.296 DDD
HD 131976 4.550 ± 0.262 3.910 ± 0.200 3.802 ± 0.230 DCD
C 894 3.003 ± 0.286 2.047 ± 0.244 1.667 ± 0.300 DDD
Gl 479 6.864 ± 0.019 6.285 ± 0.027 6.020 ± 0.021 AAA
HD 198026 0.888 ± 0.240 -0.031 ± 0.306 -0.257 ± 0.362 DDD
C 976 2.240 ± 0.292 1.321 ± 0.230 1.069 ± 0.278 DDD
Gl 865 7.271 ± 0.021 6.721 ± 0.034 6.428 ± 0.024 AAA
C 972 6.162 ± 0.024 5.575 ± 0.021 5.326 ± 0.018 AAA
Gl 628 5.950 ± 0.024 5.373 ± 0.040 5.075 ± 0.024 AAA
C 965 0.452 ± 0.228 -0.504 ± 0.324 -0.773 ± 0.374 DDD
Gl 876 5.934 ± 0.019 5.349 ± 0.049 5.010 ± 0.021 AAA
HD 120323 -0.578 ± 0.154 -1.501 ± 0.226 -1.793 ± 0.292 BDD
C 982 -1.973 ± 0.109 -2.970 ± 0.170 -3.324 ± 0.208 ACC
Gl 866 6.553 ± 0.019 5.954 ± 0.031 5.537 ± 0.020 AAA
aSame primary identifiers as listed in Table 1
bData are taken from sources in the 2mass All-
Sky Release Point Source catalogue (March 2003).
[http://irsa.ipac.caltech.edu/cgi-bin/Gator/nph-dd]
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Table 4. Results of spectral type homogeneity test by cross correlation.
Targeta SpTya Templatea SpTya CCFa ∆SpTyb ∆Lumin.b
Height Class
HR 5190 B2 IV HR 5453 B5 V 0.94 3 IV → V
HD 192273 B2 V HR 5190 B2 IV 0.94 0 V → IV
HR 4638 B3 V C 120 B5 V 0.94 2
C 112 B5 IIIv E 682 B9 V 0.97 4 IIIv → V
HR 5453 B5 V C 120 B5 V 0.97 0
C 120 B5 V HR 5453 B5 V 0.97 0
HR 8628 B8 Ve E 682 B9 V 0.96 1
E 502 B8/9 V E 682 B9 V 0.98 0.5
E 682 B9 V E 502 B8/9 V 0.98 -0.5
C 166 A0 V HR 293 A2 IV 0.98 2 V → IV
E 577 A0 V C 176 A1 V 0.98 1
C 176 A1 V E 577 A0 V 0.98 -1
HR 293 A2 IV E 507 A5 V 0.98 3 IV → V
C 193 A4 V E 507 A5 V 0.99 1
E 613 A4 V E 507 A5 V 0.99 1
C 199 A5 II HR 4889 A7 III 0.93 2 II → III
E 507 A5 V HR 293 A2 IV 0.98 -3 V → IV
E 252 A5/6 V HR 4889 A7 III 0.98 1.5 V → III
HR 4889 A7 III E 463 A9 V 0.98 2 III → V
E 579 A7 III E 252 A5/6 V 0.97 -1.5 III → V
E 463 A9 V E 252 A5/6 V 0.98 -3.5
C 225 F0 V HR 8351 F2 V 0.97 2
E 618 F0 V E 579 A7 III 0.97 -3 V → III
HR 8351 F2 V C 225 F0 V 0.96 -2
E 519 F3 V HR 8592 F5 V 0.96 2
BS 1173 F5 IV HR 4600 F5 V 0.97 0 IV → V
HR 4600 F5 V HR 8351 F2 V 0.97 -3
HR 8592 F5 V E 519 F3 V 0.96 -2
F 322 F6 II-III E 695 F7 II 0.95 1
E 695 F7 II F 322 F6 II-III 0.95 -1
C 269 F7 V C 283 F9 V 0.95 2
E 109 F8 V F 301 G0 V 0.97 2
C 280 F9 I E 695 F7 II 0.93 -2 I → II
C 283 F9 V E 109 F8 V 0.97 -1
F 301 G0 V C 324 G1 V 0.96 1
C 346 G1 IV C 357 G3 V 0.97 2 IV → V
C 324 G1 V HD 102365 G2 V 0.98 1
HD 144585 G1.5 V C 357 G3 V 0.97 1.5
HD 102365 G2 V C 324 G1 V 0.98 -1
E 525 G2 V C 283 F9 V 0.95 -3
HD 214850 G3 V HD 144585 G1.5 V 0.98 -1.5
C 357 G3 V HD 144585 G1.5 V 0.97 -1.5
C 376 G4 III C 366 G5 II 0.96 1 III → II
C 366 G5 II C 376 G4 III 0.97 -1 II → III
E 766 G5 V C 357 G3 V 0.94 -2
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Table 4—Continued
Targeta SpTya Templatea SpTya CCFa ∆SpTyb ∆Lumin.b
Height Class
E 572 G5 V HD 102365 G2 V 0.97 -3
E 628 G6 III HD 100407 G7 III 0.98 1
HD 100407 G7 III C 461 G8 III 0.97 1
HD 115617 G7 V E 572 G5 V 0.97 -2
C 461 G8 III HD 100407 G7 III 0.97 -1
C 484 G8 V HD 10700 G8.5 V 0.96 0.5
HD 10700 G8.5 V C 596 K0 V 0.97 -1.5
C 512 G9 III C 376 G4 III 0.96 -5
C 563 K0 III E 633 K2 III 0.97 2
C 596 K0 V HD 10700 G8.5 V 0.97 -1.5
HD 220954 K1 III C 563 K0 III 0.94 -1
C 632 K1 V E 575 K2 V 0.96 1
HD 144628 K1 V HD 10700 G8.5 V 0.95 -2.5
E 633 K2 III C 563 K0 III 0.97 -2
E 575 K2 V C 632 K1 V 0.96 -1
C 728 K3 II HD 211416 K3 III 0.98 0 II → III
HD 211416 K3 III C 728 K3 II 0.98 0 III → II
HD 114873 K4 III HD 131977 K4 V 0.91 0 III → V
HD 131977 K4 V Gl 795 K5 V 0.93 1
C 802 K5 III E 983 M0 III 0.94 3
Gl 795 K5 V HD 131977 K4 V 0.92 -1
E 983 M0 III C 843 M0.5 II 0.95 0.5 III → II
C 903 M0 III C 852 M1 Ib 0.89 1 III → Ib
C 843 M0.5 II E 983 M0 III 0.95 -0.5 II → III
C 852 M1 Ib C 903 M0 III 0.89 -1 Ib → III
HD 131976 M1.5 V Gl 479 M2 V 0.90 0.5
C 894 M2 Iab E 983 M0 III 0.87 -2 Iab → III
Gl 479 M2 V Gl 628 M3.5 V 0.97 1.5
HD 198026 M3 III C 965 M4 III 0.92 1
C 976 M3M4 III C 965 M4 III 0.94 0.5
Gl 865 M3.5 Ve Gl 479 M2 V 0.85 -1.5
C 972 M3.5 Ve Gl 865 M3.5 Ve 0.80 0
Gl 628 M3.5 V Gl 876 M4 V 0.97 0.5
C 965 M4 III HD 198026 M3 III 0.92 -1
Gl 876 M4 V Gl 628 M3.5 V 0.97 -0.5
HD 120323 M5 III C 978 M5 III 0.98 0
C 982 M5 III HD 120323 M5 III 0.92 0
Gl 866 dM6e C 972 M3.5 Ve 0.77 -2.5
aFor each star in the spectral library (see Table 2), we cross correlate against every other
star in the library, and note the spectral match that yields the highest cross correlation
function height (column 5).
bNumerical difference in spectral type is noted, as well as any change in luminosity
class between target and spectral-match template.
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Table 5. hipparcos astrometric data for our spectral library stars.
Target HIPa ## Parallaxb PMRAb PMDECb
[mas] [mas/yr] [mas/yr]
HR 5190 HIP 67464 7.47± 0.17 −26.77± 0.12 −20.18± 0.08
HD 192273 HIP 100170 0.24± 1.09 8.78± 0.70 2.74± 0.97
HR 4638 HIP 59449 8.61± 0.76 −34.92± 0.52 −16.81± 0.47
C 112 HIP 96468 8.34± 0.79 −0.87± 0.79 −20.39± 0.37
HR 5453 HIP 71536 10.32± 0.16 −28.26± 0.12 −28.82± 0.13
C 120 HIP 115033 8.12± 0.38 17.13 ± 0.56 −11.70± 0.40
HR 8628 HIP 111954 6.70± 0.66 23.22 ± 0.70 −0.16± 0.46
E 502 HIP 59218 2.47± 0.65 −14.47± 0.43 −4.87± 0.36
E 682 HIP 71327 2.98± 0.60 −12.67± 0.61 −7.22± 0.49
C 166 HIP 79881 24.22± 0.22 −31.19± 0.26 −100.92 ± 0.18
E 577 HIP 57809 7.40± 0.47 −31.79± 0.36 −9.67± 0.34
C 176 HIP 102618 15.70± 0.21 33.98 ± 0.22 −34.77± 0.14
HR 293 HIP 4852 14.04± 0.32 80.50 ± 0.35 14.64± 0.31
C 193 HIP 113368 129.81± 0.47 328.95 ± 0.50 −164.67 ± 0.35
E 613 HIP 73024 3.70± 0.63 −22.82± 0.54 −7.06± 0.63
C 199 HIP 80079 3.71± 0.54 −4.32± 0.52 −14.15± 0.40
E 507
E 252 HIP 17912 4.08± 0.45 −13.42± 0.47 9.24± 0.53
HR 4889 HIP 62896 21.95± 0.19 70.84 ± 0.14 −22.54± 0.10
E 579 HIP 60219 5.92± 0.66 −62.30± 0.56 9.60± 0.35
E 463
C 225 HIP 61941 85.58± 0.60 −614.76 ± 0.88 61.34± 0.47
E 618
HR 8351 HIP 108036 37.57± 0.67 311.22 ± 0.79 13.46± 0.39
E 519
BS 1173 HIP 17651 56.73± 0.19 −158.84 ± 0.12 −528.95 ± 0.15
HR 4600 HIP 58803 39.49± 0.28 323.67 ± 0.18 −111.92 ± 0.17
HR 8592 HIP 111449 44.09± 0.26 220.78 ± 0.30 −146.76 ± 0.18
F 322 HIP 102162 9.89± 0.31 190.88 ± 0.31 −9.63± 0.28
E 695 HIP 73354 3.91± 0.36 −11.65± 0.32 −10.04± 0.25
C 269 HIP 116771 72.92± 0.15 377.15 ± 0.19 −437.43 ± 0.15
E 109 HIP 7104 10.64± 0.79 85.43 ± 0.64 −6.80± 0.66
C 280 HIP 79790 2.22± 0.27 −1.69± 0.29 −3.39± 0.24
C 283 HIP 7978 57.36± 0.25 166.32 ± 0.24 −106.52 ± 0.27
F 301 HIP 97008 11.70± 0.74 −48.17± 0.65 76.82± 0.66
C 346 HIP 107095 30.09± 0.32 −123.05 ± 0.44 −308.50 ± 0.24
C 324 HIP 15371 83.11± 0.19 1330.74 ± 0.21 647.11 ± 0.19
HD 144585 HIP 78955 36.89± 0.53 −261.69 ± 0.39 10.05± 0.33
HD 102365 HIP 57443 108.45± 0.22 −1530.99 ± 0.17 403.67 ± 0.18
E 525
HD 214850 HIP 111974 29.59± 0.68 271.24 ± 0.87 123.39 ± 0.54
C 357 HIP 1803 47.93± 0.53 394.45 ± 0.49 61.14± 0.29
C 376 HIP 53316 6.62± 0.38 −5.93± 0.35 8.08± 0.31
C 366 HIP 60809 3.93± 0.35 −10.02± 0.33 4.05± 0.22
E 766 HIP 86375 17.04± 0.76 −231.62 ± 1.04 −167.00 ± 0.81
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Table 5—Continued
Target HIPa ## Parallaxb PMRAb PMDECb
[mas] [mas/yr] [mas/yr]
E 572 HIP 59793 15.79 ± 1.07 −303.14± 0.83 106.30 ± 0.62
E 628 HIP 72106 5.91± 0.64 15.63± 0.52 −18.03± 0.53
HD 100407 HIP 56343 25.16 ± 0.16 −209.62± 0.17 −40.84± 0.10
HD 115617 HIP 64924 116.89 ± 0.22 −1070.36 ± 0.22 −1063.69 ± 0.13
C 461 HIP 21393 15.25 ± 0.19 −49.27± 0.14 −12.72± 0.16
C 484 HIP 15510 165.47 ± 0.19 3038.34 ± 0.20 726.58 ± 0.21
HD 10700 HIP 8102 273.96 ± 0.17 −1721.05 ± 0.18 854.16 ± 0.15
C 512 HIP 7083 22.95 ± 0.19 138.38 ± 0.19 153.89 ± 0.16
C 563 HIP 8645 13.88 ± 0.57 40.80± 0.57 −37.25± 0.50
C 596
HD 220954 HIP 115830 21.96 ± 0.25 −123.58± 0.28 −43.23± 0.20
C 632 HIP 7981 132.76 ± 0.50 −302.42± 0.60 −678.88 ± 0.41
HD 144628 HIP 79190 68.17 ± 0.64 −135.23± 0.62 333.37 ± 0.58
E 633 HIP 71570 6.25± 0.64 50.59± 0.52 −47.63± 0.56
E 575 HIP 59419 22.55 ± 1.20 −236.52± 0.85 −12.18± 0.75
C 728 HIP 89678 4.28± 0.33 5.28± 0.37 −3.57± 0.22
HD 211416 HIP 110130 16.33 ± 0.59 −70.72± 0.42 −39.44± 0.38
HD 114873 HIP 64557 9.40± 0.40 −150.15± 0.26 21.44± 0.23
HD 131977 HIP 73184 171.22 ± 0.94 1037.06 ± 1.05 −1725.87 ± 0.72
C 802 HIP 9459 8.69± 0.29 −31.43± 0.24 −47.73± 0.24
Gl 795 HIP 101955 59.80 ± 3.42 863.38 ± 3.40 76.29± 2.83
E 983 HIP 112186 2.52± 0.79 24.14± 0.78 −7.83± 0.54
C 903 HIP 1821 2.96± 0.55 76.19± 0.72 25.47± 0.35
C 843 HIP 73536 1.42± 1.19 7.25± 1.22 −15.63± 0.93
C 852 HIP 88060 3.22± 0.97 3.15± 1.20 −6.97± 0.45
HD 131976 HIP 73182 168.77± 21.54 961.78 ± 20.68 −1677.83 ± 16.08
C 894 HIP 62918 −6.35± 2.12 −2.54± 1.61 −1.99± 1.45
Gl 479 HIP 61629 103.18 ± 2.31 −1032.41 ± 1.66 30.39± 1.48
HD 198026 HIP 102624 5.57± 0.28 1.68± 0.34 −40.06± 0.23
C 976 HIP 62611 2.47± 0.51 −16.05± 0.50 −2.42± 0.43
Gl 865
C 972 HIP 116132 161.76 ± 1.66 554.64 ± 1.40 −60.43± 1.08
Gl 628 HIP 80824 232.98 ± 1.60 −94.81± 2.30 −1183.43 ± 1.74
C 965 HIP 8837 9.54± 0.19 −93.16± 0.17 −91.17± 0.18
Gl 876 HIP 113020 213.28 ± 2.12 959.84 ± 3.36 −675.33 ± 1.68
HD 120323 HIP 67457 17.82 ± 0.21 −41.68± 0.23 −59.77± 0.18
C 982 HIP 112122 18.43 ± 0.42 135.16 ± 0.44 −4.38± 0.31
Gl 866
ahipparcos identifiers, and astrometric data, are taken from
the van Leeuwen (2007) New Reduction catalog available online:
http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=I%2F311
bUnits of parallax are milli-arcsec [mas], while for proper motion in RA [PMRA] and
proper motion in DEC [PMDEC] are both milli-arcsecs per year [mas/yr].
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Table 6. Properties of M7 stars observed during this program
M7a,b,c JJ97e RA(2000) DEC(2000) Vg B-Vg V-Icg J H K Err
Target [2MASS]f (P95) (P95) (P95) [2MASS]f [2MASS]f [2MASS]f [Code]f
R1 JJ 40 17 51 35.20 -34 45 58.68 13.30 99.9 1.18 11.339 ± 0.030 10.804 ± 0.035 10.635 ± 0.027 AAA
R3b 17 51 53.07 -34 53 14.29 15.13 99.9 1.76 12.199 ± 0.042 11.516 ± 0.038 11.341 ± 0.037 AAA
R4 17 51 51.83 -34 50 10.24 9.96 0.24 0.41 9.298 ± 0.020 9.143 ± 0.024 9.116 ± 0.021 AAA
R6 17 51 52.44 -34 56 41.01 10.64 0.54 0.63 9.577 ± 0.023 9.369 ± 0.024 9.270 ± 0.023 AAA
R7b JJ 14 17 52 26.24 -34 35 40.85 13.78 1.08 1.42 11.461 ± 0.057 10.859 ± 0.065 10.723 ± 0.045 AAA
R10 17 52 32.36 -34 55 50.75 12.99 1.10 1.29 10.650 ± 0.029 10.068 ± 0.030 9.873 ± 0.026 AAA
R11 17 52 36.61 -34 44 39.70 14.23 1.04 1.31 9.030 ± 0.030 8.382 ± 0.036 8.231 ± 0.026 AAA
R14 JJ 26 17 52 46.73 -34 40 58.78 12.06 0.66 0.77 10.672 ± 0.050 10.309 ± 0.061 10.195 ± 0.057 AAA
R15 JJ 30 17 52 51.16 -34 52 13.05 12.28 0.71 0.98 10.344 ± 0.024 9.716 ± 0.027 9.501 ± 0.025 AAA
R16b JJ 43 17 52 59.36 -34 56 56.80 9.36 0.35 99.9 8.696 ± 0.025 8.563 ± 0.040 8.493 ± 0.023 AAA
R19 17 53 00.38 -34 38 05.55 14.24 1.07 1.34 12.022 ± 0.040 11.439 ± 0.036 11.252 ± 0.033 AAA
R20 17 53 00.53 -34 33 26.58 11.36 0.54 0.63 10.251 ± 0.032 9.956 ± 0.034 9.918 ± 0.039 AAA
R25 17 53 09.93 -34 51 54.60 16.39 99.9 2.02 13.122 ± 0.071 12.479 ± 0.084 12.275 ± 0.064 AAA
R27 JJ 12 17 53 11.97 -34 40 42.06 12.12 0.68 0.75 10.779 ± 0.032 10.541 ± 0.044 10.441 ± 0.032 AAA
R28 17 53 11.62 -34 49 39.90 9.20 0.19 99.9 8.777 ± 0.018 8.668 ± 0.036 8.676 ± 0.021 AAA
R29 17 53 13.53 -35 14 14.42 13.68 99.9 1.07 11.846 ± 0.024 11.357 ± 0.025 11.271 ± 0.030 AAA
R32a 17 53 16.92 -35 12 04.02 15.01 99.9 1.71 12.218 ± 0.055 11.477 ± 0.037 11.311 ± 0.044 AAA
R33 JJ 24 17 53 16.03 -34 43 03.63 13.42 0.89 0.99 11.675 ± 0.027 11.235 ± 0.035 11.138 ± 0.029 AAA
R39a JJ 16 17 53 21.27 -34 54 34.96 12.36 0.71 0.79 10.998 ± 0.022 10.676 ± 0.024 10.605 ± 0.025 AAA
R39b JJ 31 17 53 21.52 -34 54 17.80 12.19 0.69 0.81 10.742 ± 0.077 10.487 ± 0.046 10.380 ± 0.034 AAA
R40 17 53 21.64 -34 53 17.75 15.59 1.40 1.92 12.595 ± 9.999 12.071 ± 9.999 12.169 ± 0.029 UUA
R45 17 53 24.63 -34 48 07.76 14.01 1.27 1.54 13.422 ± 0.054 12.634 ± 0.059 12.201 ± 9.999 AAU
R49a 17 53 24.94 -34 28 53.22 12.37 0.69 0.78 11.021 ± 0.026 10.674 ± 0.027 10.622 ± 0.026 AAA
R50 JJ 32 17 53 28.31 -34 53 57.52 9.65 0.44 99.9 8.726 ± 0.023 8.553 ± 0.017 8.487 ± 0.023 AAA
R51a 17 53 30.63 -34 14 14.27 12.25 99.9 0.89 10.719 ± 0.026 10.301 ± 0.028 10.222 ± 0.024 AAA
R51b 17 53 30.29 -34 14 50.70 12.00 99.9 0.71 10.809 ± 0.024 10.563 ± 0.026 10.455 ± 0.023 AAA
R53 JJ 11 17 53 29.25 -34 48 22.33 13.40 0.90 1.02 11.647 ± 0.026 11.193 ± 0.030 11.100 ± 0.026 AAA
R55b 17 53 30.99 -34 35 34.92 11.70 0.60 0.72 10.438 ± 0.024 10.098 ± 0.024 10.059 ± 0.023 AAA
R58a 17 53 33.06 -34 45 14.14 9.02 0.18 99.9 8.569 ± 0.027 8.452 ± 0.024 8.380 ± 0.020 AAA
R63 17 53 38.36 -34 45 02.02 15.20 1.37 1.80 12.250 ± 0.026 11.593 ± 0.031 11.404 ± 0.023 AAA
R66 JJ 35 17 53 40.02 -34 40 04.10 12.78 0.78 0.87 11.231 ± 0.028 10.836 ± 0.028 10.775 ± 0.024 AAA
R69 JJ 4 17 53 42.21 -35 00 09.63 12.13 0.66 0.80 13.969 ± 0.687 13.218 ± 0.712 12.780 ± 0.263 EDD
R71 17 53 43.33 -34 45 27.31 14.15 1.17 1.45 11.767 ± 0.026 11.206 ± 0.035 11.059 ± 0.029 AAA
R76 JJ 19 17 53 51.27 -34 48 56.82 13.55 0.95 1.02 10.581 ± 0.028 9.615 ± 0.029 9.359 ± 0.026 AAA
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Table 6—Continued
M7a,b,c JJ97e RA(2000) DEC(2000) Vg B-Vg V-Icg J H K Err
Target [2MASS]f (P95) (P95) (P95) [2MASS]f [2MASS]f [2MASS]f [Code]f
R82 JJ 9 17 53 57.17 -34 46 02.31 12.87 0.73 0.89 11.342 ± 0.028 10.915 ± 0.035 10.863 ± 0.032 AAA
R83 17 53 57.90 -34 42 09.52 14.00 1.11 1.44 11.473 ± 0.023 10.848 ± 0.021 10.700 ± 0.019 AAA
R86 17 54 01.94 -35 05 21.87 13.68 1.13 1.24 11.448 ± 0.030 10.869 ± 0.038 10.673 ± 0.029 AEE
R94 JJ 8 17 54 09.83 -34 53 10.94 13.30 0.87 0.94 11.642 ± 0.040 11.198 ± 0.050 11.101 ± 0.036 AAA
R95 JJ 29 17 54 09.07 -34 52 17.94 12.19 0.68 0.78 10.819 ± 0.026 10.524 ± 0.026 10.442 ± 0.023 AAA
R96a 17 54 08.97 -34 38 03.99 14.85 1.12 1.27 12.689 ± 0.026 12.117 ± 0.021 12.040 ± 0.024 AAA
R97 17 54 12.84 -34 48 17.86 12.17 0.69 0.76 10.831 ± 0.028 10.568 ± 0.032 10.464 ± 0.029 AAA
R102 JJ 25 17 54 15.54 -34 47 31.97 13.32 0.89 1.05 11.492 ± 0.024 11.024 ± 0.024 10.939 ± 0.024 AAA
R114 17 54 27.57 -34 21 17.82 11.98 99.9 0.86 10.442 ± 0.024 10.034 ± 0.021 10.026 ± 0.026 AAA
R119a JJ 33 17 54 36.71 -35 00 49.23 12.92 0.81 0.99 11.114 ± 0.035 10.658 ± 0.048 10.585 ± 0.040 AAA
R119b JJ 21 17 54 35.40 -35 00 55.67 13.46 0.91 1.02 11.589 ± 0.028 11.138 ± 0.035 11.044 ± 0.024 AAA
R120 17 54 35.34 -34 51 27.17 9.06 0.14 99.9 8.635 ± 0.023 8.586 ± 0.029 8.501 ± 0.019 AAA
R121 17 54 40.29 -34 46 13.70 13.69 0.99 1.10 11.831 ± 0.023 11.292 ± 0.024 11.229 ± 0.023 AAA
R123 17 54 41.97 -34 50 46.98 13.17 0.85 0.94 11.542 ± 0.026 11.155 ± 0.025 11.057 ± 0.024 AAA
R125 JJ 39 17 54 46.17 -35 07 01.65 11.28 0.68 0.82 9.902 ± 0.024 9.598 ± 0.027 9.446 ± 0.023 AAA
R126 17 54 53.42 -34 53 26.21 11.45 0.56 0.68 10.272 ± 0.028 10.028 ± 0.036 9.917 ± 0.027 AEE
R127a JJ 7 17 54 55.54 -34 38 27.51 11.95 0.64 0.78 10.532 ± 0.022 10.249 ± 0.021 10.136 ± 0.021 AAA
R127b JJ 6 17 54 57.70 -34 38 13.52 11.75 99.9 0.72 10.472 ± 0.024 10.224 ± 0.027 10.108 ± 0.021 AAA
R129 17 54 58.17 -34 40 18.70 14.16 1.04 1.19 12.061 ± 0.030 11.538 ± 0.039 11.373 ± 0.027 AAA
R131b 17 55 05.37 -34 41 25.19 16.15 99.9 1.90 12.989 ± 0.032 12.241 ± 0.038 12.109 ± 0.033 AAA
R133 17 55 15.56 -34 51 27.89 12.17 0.71 0.86 10.665 ± 0.024 10.296 ± 0.023 10.224 ± 0.027 AAA
R135 17 55 34.03 -34 32 38.30 13.13 99.9 1.14 11.067 ± 0.024 10.552 ± 0.030 10.469 ± 0.024 AAA
R136 17 55 34.12 -34 37 16.85 11.45 99.9 0.79 10.089 ± 0.023 9.770 ± 0.024 9.686 ± 0.019 AAA
R137a 17 55 46.99 -34 42 23.81 13.50 99.9 1.16 11.387 ± 0.024 10.924 ± 0.027 10.807 ± 0.027 AAA
R137b 17 55 48.53 -34 41 35.37 10.31 99.9 0.62 9.227 ± 0.025 9.017 ± 0.023 8.940 ± 0.023 AAA
R137c 17 55 49.05 -34 42 29.89 11.94 99.9 0.76 10.593 ± 0.024 10.337 ± 0.025 10.260 ± 0.024 AAA
R138b 17 56 15.65 -35 02 20.98 15.53 99.9 1.62 12.684 ± 0.023 12.047 ± 0.021 11.889 ± 0.021 AAA
R140b 17 56 19.65 -34 32 00.27 12.38 99.9 0.85 10.817 ± 0.022 10.439 ± 0.021 10.368 ± 0.019 AAA
R141a 17 56 37.94 -34 40 21.82 10.97 99.9 0.58 9.993 ± 0.026 9.766 ± 0.027 9.724 ± 0.024 AAA
K29d 17 52 20.01 -34 58 27.98 8.02 0.04 99.9 7.894 ± 0.019 7.890 ± 0.027 7.880 ± 0.022 AAA
K55 17 53 15.97 -34 37 15.11 6.97 0.04 99.9 6.872 ± 0.023 6.906 ± 0.031 6.872 ± 0.021 AAA
K56 17 53 19.59 -34 43 50.94 6.17 -0.03 99.9 6.208 ± 0.037 6.201 ± 0.038 6.174 ± 0.021 AAA
K66 17 53 30.74 -34 48 58.50 10.51 0.48 99.9 9.472 ± 0.024 9.203 ± 0.032 9.114 ± 0.026 AAA
K68 17 53 32.66 -34 46 00.62 8.93 0.36 99.9 8.209 ± 0.029 8.120 ± 0.044 8.016 ± 0.026 AAA
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Table 6—Continued
M7a,b,c JJ97e RA(2000) DEC(2000) Vg B-Vg V-Icg J H K Err
Target [2MASS]f (P95) (P95) (P95) [2MASS]f [2MASS]f [2MASS]f [Code]f
K76 17 53 43.56 -34 46 16.78 10.86 0.51 99.9 9.759 ± 0.023 9.507 ± 0.023 9.469 ± 0.021 AAA
K79 17 53 44.98 -34 45 44.23 9.01 0.16 99.9 8.566 ± 0.027 8.570 ± 0.044 8.534 ± 0.027 AAA
K89 17 53 59.39 -34 30 35.86 8.56 0.17 99.9 8.118 ± 0.024 8.092 ± 0.049 8.065 ± 0.040 AAA
K99d 17 54 09.49 -35 03 28.86 9.98 0.39 99.9 9.275 ± 0.023 9.123 ± 0.021 9.042 ± 0.021 AAA
K101d 17 54 10.78 -34 47 58.36 9.14 0.13 99.9 8.818 ± 0.017 8.837 ± 0.040 8.774 ± 0.019 AAA
K105 17 54 13.88 -34 50 47.18 9.47 0.20 99.9 9.118 ± 0.032 9.013 ± 0.022 8.958 ± 0.019 AAA
K114d 17 54 33.57 -34 44 55.60 9.46 0.18 99.9 9.056 ± 0.032 9.002 ± 0.024 8.951 ± 0.021 AAA
K124 17 54 52.79 -34 45 03.59 8.37 0.05 99.9 8.103 ± 0.024 8.137 ± 0.057 8.070 ± 0.031 AAA
aM7 target stars are drawn from Prosser et al. (1995 - P95) [R#] and Koelbloed (1959 - K59) [K#] studies.
bKoelbloed (1959) cross identifications with P95 sources: R4=K13; R6=K15; R16b=K45; R20=K44; R50=K61; R58a=K70;
R120=K116;
cHigh S/N (>100), high resolution (R≃80,000) optical spectra are available for several M7 stars in the uves Paranal Observatory
Project [pop] library (http://www.eso.org/sci/observing/tools/uvespop.html.html - Bagnulo et al., 2003).
dIndicates that K# star V/B-V photometry data are photographic. All other Koelbloed (1959) stars have photoelectric data.
eCross identification matches with the James & Jeffries (1997 - JJ97) catalog.
fCoordinate and photometric data are taken from sources in the 2mass All-Sky Release Point Source catalog (March 2003).
[http://irsa.ipac.caltech.edu/cgi-bin/Gator/nph-dd]
gAll V, B-V and V-Ic data are taken from P95, except for the K# stars whose data are taken from K59.
–
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Table 7. Spectral types, photometry and reddening vectors of M7 stars observed during this program
M7a Spectralb B-V K95c K95d V-Ic K95c K95d J-H K95c,e K95d,e H-K K95c,e K95d,e
Target Type (B-V) E(B−V ) (V-Ic) E(V−Ic) (J-H) E(J−H) (H-K) E(H−K)
R1 K3V 99.9 0.97 99.9 1.18 1.08 0.10 0.535 0.484 0.051 0.169 0.118 0.051
R3b K5/7e 99.9 1.16 99.9 1.76 1.36 0.40 0.683 0.553 0.130 0.175 0.138 0.037
R4 A7V 0.24 0.19 0.05 0.41 0.27 0.14 0.155 0.033 0.122 0.027 0.058 -0.031
R6 F9V 0.54 0.55 -0.01 0.63 0.69 -0.06 0.208 0.249 -0.041 0.099 0.078 0.021
R7b K5Ve 1.08 1.16 -0.08 1.42 1.36 0.06 0.602 0.553 0.049 0.136 0.138 -0.002
R10 K4Ve 1.10 1.07 0.03 1.29 1.15 0.14 0.582 0.523 0.059 0.195 0.128 0.067
R11 K4V 1.04 1.07 -0.03 1.31 1.15 0.16 0.648 0.523 0.125 0.151 0.128 0.023
R14 G1V 0.66 0.60 0.06 0.77 0.72 0.05 0.363 0.259 0.104 0.114 0.078 0.036
R15 G2V 0.71 0.62 0.09 0.98 0.73 0.25 0.628 0.269 0.359 0.215 0.078 0.137
R16b A9V 0.35 0.27 0.08 99.9 0.37 99.9 0.133 0.063 0.070 0.070 0.058 0.012
R19 K3Ve 1.07 0.97 0.10 1.34 1.08 0.26 0.583 0.484 0.099 0.187 0.118 0.069
R20 F8V 0.54 0.52 0.02 0.63 0.66 -0.03 0.295 0.249 0.046 0.038 0.078 -0.040
R25 M0Ve 99.9 1.41 99.9 2.02 1.80 0.22 0.643 0.631 0.012 0.204 0.197 0.007
R27 G3V 0.68 0.63 0.05 0.75 0.74 0.01 0.238 0.278 -0.040 0.100 0.078 0.022
R28 A4V 0.19 0.12 0.07 99.9 0.11 99.9 0.109 -0.016 0.125 -0.008 0.048 -0.056
R29 K2V 99.9 0.89 99.9 1.07 1.01 0.06 0.489 0.445 0.044 0.086 0.118 -0.032
R32a K5/7e 99.9 1.16 99.9 1.71 1.36 0.35 0.741 0.553 0.188 0.166 0.138 0.028
R33 K2V 0.89 0.89 0.00 0.99 1.01 -0.02 0.440 0.445 -0.005 0.097 0.118 -0.021
R39a G4V 0.71 0.64 0.07 0.79 0.75 0.04 0.322 0.269 0.053 0.071 0.088 -0.017
R39b G3V 0.69 0.63 0.06 0.81 0.74 0.07 0.255 0.278 -0.023 0.107 0.078 0.029
R40 K5/7Ve 1.40 1.16 0.24 1.92 1.36 0.56 0.524 0.553 -0.029 -0.098 0.138 -0.236
R45 K5/7p 1.27 1.16 0.11 1.54 1.36 0.18 0.788 0.553 0.235 0.433 0.138 0.295
R49a G2V 0.69 0.62 0.07 0.78 0.73 0.05 0.347 0.269 0.078 0.052 0.078 -0.026
R50 F3V 0.44 0.37 0.07 99.9 0.48 99.9 0.173 0.131 0.042 0.066 0.068 -0.002
R51a G6V 99.9 0.68 99.9 0.89 0.77 0.12 0.418 0.347 0.071 0.079 0.088 -0.009
R51b F9V 99.9 0.55 99.9 0.71 0.69 0.02 0.246 0.249 -0.003 0.108 0.078 0.030
R53 K2V 0.90 0.89 0.01 1.02 1.01 0.01 0.454 0.445 0.009 0.093 0.118 -0.025
R55b G0V 0.60 0.58 0.02 0.72 0.71 0.01 0.340 0.259 0.081 0.039 0.078 -0.039
R58a A4V 0.18 0.12 0.06 99.9 0.11 99.9 0.117 -0.016 0.133 0.072 0.048 0.024
R63 K7V 1.37 1.38 -0.01 1.80 1.60 0.20 0.657 0.602 0.055 0.189 0.157 0.032
R66 G8V 0.78 0.73 0.05 0.87 0.81 0.06 0.395 0.357 0.038 0.061 0.098 -0.037
R69 G5V 0.66 0.66 0.00 0.80 0.76 0.04 0.751 0.308 0.443 0.438 0.088 0.350
R71 K4V 1.17 1.07 0.10 1.45 1.15 0.30 0.561 0.523 0.038 0.147 0.128 0.019
R76 K2V 0.95 0.89 0.06 1.02 1.01 0.01 0.966 0.445 0.521 0.256 0.118 0.138
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Table 7—Continued
M7a Spectralb B-V K95c K95d V-Ic K95c K95d J-H K95c,e K95d,e H-K K95c,e K95d,e
Target Type (B-V) E(B−V ) (V-Ic) E(V−Ic) (J-H) E(J−H) (H-K) E(H−K)
R82 G9V 0.73 0.78 -0.05 0.89 0.83 0.06 0.427 0.376 0.051 0.052 0.098 -0.046
R83 K4Vp 1.11 1.07 0.04 1.44 1.15 0.29 0.625 0.523 0.102 0.148 0.128 0.020
R86 K1V 1.13 0.85 0.28 1.24 0.93 0.31 0.579 0.416 0.163 0.196 0.118 0.078
R94 K0V 0.87 0.82 0.05 0.94 0.85 0.09 0.444 0.396 0.048 0.097 0.108 -0.011
R95 G3V 0.68 0.63 0.05 0.78 0.74 0.04 0.295 0.278 0.017 0.082 0.078 0.004
R96a K3V 1.12 0.97 0.15 1.27 1.08 0.19 0.572 0.484 0.088 0.077 0.118 -0.041
R97 G2V 0.69 0.62 0.07 0.76 0.73 0.03 0.263 0.269 -0.006 0.104 0.078 0.026
R102 K1V 0.89 0.85 0.04 1.05 0.93 0.12 0.468 0.416 0.052 0.085 0.118 -0.033
R114 G1V 99.9 0.60 99.9 0.86 0.72 0.14 0.408 0.259 0.149 0.008 0.078 -0.070
R119a G9V 0.81 0.78 0.03 0.99 0.83 0.16 0.456 0.376 0.080 0.073 0.098 -0.025
R119b K1V 0.91 0.85 0.06 1.02 0.93 0.09 0.451 0.416 0.035 0.094 0.118 -0.024
R120 A2V 0.14 0.06 0.08 99.9 0.05 99.9 0.049 -0.035 0.084 0.085 0.038 0.047
R121 K2V 0.99 0.89 0.10 1.10 1.01 0.09 0.539 0.445 0.094 0.063 0.118 -0.055
R123 K1V 0.85 0.85 0.00 0.94 0.93 0.01 0.387 0.416 -0.029 0.098 0.118 -0.020
R125 G0V 0.68 0.58 0.10 0.82 0.71 0.11 0.304 0.259 0.045 0.152 0.078 0.074
R126 G0Vp 0.56 0.58 -0.02 0.68 0.71 -0.03 0.244 0.259 -0.015 0.111 0.078 0.033
R127a G2V 0.64 0.62 0.02 0.78 0.73 0.05 0.283 0.269 0.014 0.113 0.078 0.035
R127b G1V 99.9 0.60 99.9 0.72 0.72 0.00 0.248 0.259 -0.011 0.116 0.078 0.038
R129 K1V 1.04 0.85 0.19 1.19 0.93 0.26 0.523 0.416 0.107 0.165 0.118 0.047
R131b K7/M0Ve 99.9 1.41 99.9 1.90 1.80 0.10 0.748 0.631 0.117 0.132 0.197 -0.065
R133 G5V 0.71 0.66 0.05 0.86 0.76 0.10 0.369 0.308 0.061 0.072 0.088 -0.016
R135 K1Vp 99.9 0.85 99.9 1.14 0.93 0.21 0.515 0.416 0.099 0.083 0.118 -0.035
R136 G1V 99.9 0.60 99.3 0.79 0.72 0.07 0.319 0.259 0.060 0.084 0.078 0.006
R137a K1V 99.9 0.85 99.9 1.16 0.93 0.23 0.463 0.416 0.047 0.117 0.118 -0.001
R137b F3V 99.9 0.37 99.9 0.62 0.48 0.14 0.210 0.131 0.079 0.077 0.068 0.009
R137c G2V 99.9 0.62 99.9 0.76 0.73 0.03 0.256 0.269 -0.013 0.077 0.078 -0.001
R138b K5/7Ve 99.9 1.16 98.9 1.62 1.36 0.26 0.637 0.553 0.084 0.158 0.138 0.020
R140b G3V 99.9 0.63 99.9 0.85 0.74 0.11 0.378 0.278 0.100 0.071 0.078 -0.007
R141a F3V 99.9 0.37 99.9 0.58 0.48 0.10 0.227 0.131 0.096 0.042 0.068 -0.026
K29 A2V 0.04 0.06 -0.02 99.9 0.05 99.9 0.004 -0.035 0.039 0.010 0.038 -0.028
K55 B8V 0.04 -0.09 0.13 99.9 -0.15 99.9 -0.034 -0.094 0.060 0.034 -0.012 0.046
K56 B8V -0.03 -0.09 0.06 99.9 -0.15 99.9 0.007 -0.094 0.101 0.027 -0.012 0.039
K66 F4V 0.48 0.39 0.09 99.9 0.51 99.9 0.269 0.161 0.108 0.089 0.068 0.021
K68 A9V 0.36 0.27 0.09 99.9 0.37 99.9 0.089 0.063 0.026 0.104 0.058 0.046
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Table 7—Continued
M7a Spectralb B-V K95c K95d V-Ic K95c K95d J-H K95c,e K95d,e H-K K95c,e K95d,e
Target Type (B-V) E(B−V ) (V-Ic) E(V−Ic) (J-H) E(J−H) (H-K) E(H−K)
K76 F6V 0.51 0.46 0.05 99.9 0.58 99.9 0.252 0.249 0.003 0.038 0.068 -0.030
K79 A2V 0.16 0.06 0.10 99.9 0.05 99.9 -0.004 -0.035 0.031 0.036 0.038 -0.002
K89 A2V 0.17 0.06 0.11 99.9 0.05 99.9 0.026 -0.035 0.061 0.027 0.038 -0.011
K99 A4V 0.39 0.12 0.27 99.9 0.11 99.9 0.152 -0.016 0.168 0.081 0.048 0.033
K101 A1V 0.13 0.03 0.10 99.9 0.02 99.9 -0.019 -0.045 0.026 0.063 0.038 0.025
K105 A4V 0.20 0.12 0.08 99.9 0.11 99.9 0.105 -0.016 0.121 0.055 0.048 0.007
K114 A4V 0.18 0.12 0.06 99.9 0.11 99.9 0.054 -0.016 0.070 0.051 0.048 0.003
K124 A0V 0.05 0.00 0.05 99.9 0.00 99.9 -0.034 -0.045 0.011 0.067 0.028 0.039
aM7 target stars, as identified in Table 6
bSpectral type determinations from this study.
cTheoretical B-V, V-Ic, J-H and H-K colors for each target’s spectral type (assumes dwarf class) are taken from Kenyon & Hartmann (1995 -
KH95).
dE(B−V ), E(V−Ic), E(J−H), E(H−K) vectors are calculated by subtracting each target’s respective color from its theoretical KH95 counterpart
(whose values are based on spectral type).
eKH95 JHK magnitudes, based on the Bessel & Brett (1988) system, have been transformed onto the 2mass system using equations presented
in Carpenter (2001).
